ABSTRACT Aortic strips from spontaneously hypertensive (SH) rats relax in calcium-free physiological medium and contract to approximately 60% of maximum when calcium is again restored to the medium. In vivid contrast, the resting tension of aortic strips from normal rats is unaffected by manipulation of the calcium concentration of the bathing medium. These findings, as well as the reduced sensitivity of aortic strips from SH rats to norepinephrine and the observation that aortic strips from SH rats relax at a faster rate in calcium-free medium in comparison with aortic strips from normal rats, are consistent with the hypothesis that vascular smooth muscle membranes from SH rats leak calcium at a rate that is only partially compensated by the calcium pump. The contractile state of vascular smooth muscle is determined by the concentration of activator calcium ion in the cytoplasm (1). Neural or hormonal stimulation of the muscle by norepinephrine elicits the intracellular release of calcium from the sarcoplasmic reticulum and the influx of calcium from the extracellular space, both contributing to an increase in the concentration of free cytoplasmic calcium. Removal of the stimulus is followed by sequestration of calcium into the sarcoplasmic reticulum and the extrusion of calcium into the extracellular space, resulting in a reduction of the cytoplasmic concentration of free calcium, and in relaxation of the muscle (1).
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One apparent cause of hypertension in humans and animals is high peripheral resistance to the flow of blood (2, 3) . At least in the early stages of hypertensive disease, high peripheral resistance results from contracted vascular smooth muscle. On the basis of the presumed relationship between cytoplasmic
[Ca2+] and the contractile state and in view of the high peripheral resistance in hypertensives, one would predict that the cytoplasm of vascular smooth muscle in hypertensive humans and animals might have increased levels of calcium. In turn, increased cytoplasmic calcium levels could result from one or more of several possible pathophysiologic mechanisms: (a) sympathetic nervous system overactivity, (b) hypersensitivity of smooth muscle to adrenergic stimulation, (c) an inordinately high calcium influx, or (d) a reduced capacity to pump calcium out of the cytoplasm.
Microsomes prepared from vascular smooth muscle from spontaneously hypertensive (SH) Wistar rats have recently been found to have reduced ability to sequester calcium compared to microsomes from normal Wistar rats (4-6). These reports suggest that vascular smooth muscle cells from SH rats have either an inordinately high calcium influx in the resting state or a reduced ability to pump calcium out of the cytoplasm. In either case, one might expect there to be a higher resting state cytoplasmic calcium concentration, a concomitantly high g were killed with a blow to the head. The thoracic aorta was quickly removed, cleared of fat and connective tissue, and cut into a helical strip (7) . Helical strips from two normal and two SH rats were mounted for each experiment under 2 g of resting tension in an organ bath containing Locke's medium (in mM: NaCl, 136; KCI, 5.6; NaHCO3, 20.0; NaH2PO4, 1.2; CaC12, 1.2; glucose, 5.5) maintained at 370 and continuously bubbled with 95% 02/5% CO2. The strips were equilibrated with frequent changes of Locke's medium over a period of 3 hr before experimental changes in [Ca2+] or exposure to (-)-norepinephrine-HCI (Sigma), as described below, were begun.
RESULTS
In initial experiments, aortic strips from SH rats relaxed when placed in calcium-free Locke's medium. Subsequent restoration of calcium to the bathing medium elicited an increase in the resting tension of aortic strips from SH rats (Fig. 1) . Stimulation of the aortic strips from SH with (-)-norepinephrine elicited a further increase in the tension as shown in Fig. 1 . Neither removal nor restoration of calcium to the bathing medium had any effect on the resting tension of aortic strips from normal Wistar rats. The increase in resting tension of aortic strips from SH rats was dependent on the extracellular [Ca2+], but this dependence was not saturable up to a high calcium concentration (11 mM) (Fig. 2) . These results suggested that whatever else may contribute to hypertension in SH rats, the vascular beds of these animals are probably in a partially contracted state in the presence of physiological extracellular concentration of calcium and even in the absence of hormonal stimulation.
Because of the high resting tension in aortic strips from SH rats in the presence of physiological [Ca2+] (Fig. 1 (Fig. 3) concentration of norepinephrine (10 AM) than were aortic strips from normal rats (Fig. 4) . Finally, aortic strips from SH rats relaxed about 30% more rapidly (t1/2 = 4.4 + 1.2 min) in calcium-free Locke's medium than did strips from normal rats (t1/2 = 6.2 + 1.9 min; n = 4, P < 0.01).
DISCUSSION
Taken together, these data suggest that calcium leaks from the extracellular medium into the cytoplasm of vascular smooth muscle cells in SH rats at a rate that is not adequately compensated by the plasma membrane calcium pump. This possibility is strongly suggested by the relaxation of aortic strips from SH rats in calcium-free Locke's medium and by their high resting tension in Locke's medium containing normal [Ca2+]. The fact that aortic strips from SH rats relaxed faster in calcium-free Locke's medium than did aortic strips from normal rats suggests that the calcium pump works efficiently in SH rats and that leakage of calcium out of the muscle from the hypertensive rats hastens the relaxation. Finally, the apparently paradoxical slight reduction in sensitivity of aortic strips from Response of aortic strips from SH and normal rats to cumulatively increasing concentrations of calcium applied along with a maximal concentration of norepinephrine (10 AM). Aortic strips were first equilibrated in calcium-free Locke's medium and then in calcium-free Locke's medium containing 10MAM (-)-norepinephrine; the calcium-free Locke's medium containing norepinephrine elicited a small contraction that relaxed back to basal levels in 30 min or less. Thereafter, the calcium concentration was increased in a stepwise manner from 0.022 to 11 mM. Each point is the mean of six experiments + SEM. a, SH rats; 0, normal rats. (Fig. 3) and calcium (Fig. 4) (13) has shown that vascular smooth muscle from SH rats is also leaky to Na+, K+, and Cl-, suggesting that smooth muscle membranes from hypertensive animals are nonselectively leaky to many electrolytes. Limas and Cohn (14) have shown recently that microsomes from heart muscle of SH rats also show a deficit in calcium sequestering ability as compared with normal rats, suggesting that the high basal contractility found in the vascular bed in SH rats extends to the heart muscle. In agreement with these results, we have found that heart muscle strips from SH rats (but not normal rats) relax in calcium-free medium and contract again when the physiological concentration of calcium is reestablished in the bathing medium (J. P. Noon and P. Rice, unpublished observations).
We therefore suggest, on the basis of our present observations, that the membranes of vascular smooth muscle (and probably heart muscle also) leak calcium at a rate that is only partially compensated by the plasma membrane calcium pump and that, as a consequence, the [Ca2+] in the cytoplasm of these muscle cells is high enough to maintain their high resting tension.
